The synthetic potential of lithio 3-halo-1-azaallylic anions as building blocks in organic chemistry and especially in heterocyclic chemistry will be highlighted by the synthesis of functionalized imines, obtained after reaction of 3-halo-1-azaallylic anions with heteroatom-substituted electrophiles. Thus, the latter generated functionalized imines are suitable building blocks for the synthesis of a whole range of heterocycles and physiologically active compounds, including agrochemicals and pharmaceuticals. 3-Halo-1-azaallylic anions were used in the synthesis of N-alkyl-3,3-dichloroazetidines, 2,3-disubstituted pyrroles, piperidines, 2-substituted pyridines, 2-alkoxytetrahydrofurans, etc., from which a large range of useful and interesting chemicals can be produced, e.g., 2-azetines and 9-alkyl-2-phenyl-3aβ, 4,6,7,8,9,9aβ,9bβ-octahydro-1H-pyrrolo[3,4,h]quinoline-1,3-diones. The utility of the present methodology is demonstrated by the synthesis of the pheromone (S)-manicone, the sulfur-containing flavor compound 2-[(methylthio)methyl]-2-butenal, and some agrochemical and pharmaceutical compounds.
INTRODUCTION
α-Heteroatom-substituted carbanions 1 (Scheme 1), stabilized by electron-withdrawing groups, are important synthons in organic chemistry [1] . Almost all combinations of heteroatoms (e.g., halogen, silicon, selenium, sulfur, etc.) and carbanion-stabilizing groups (e.g., alkoxycarbonyl, cyano, acyl, sulfonyl, sulfinyl, etc.) are useful, except the combination of halogens and acyl groups. In the latter case, β-haloenolates are difficult to handle or are not formed at all due to competition with other reactions of α-haloketones (cf. Favorskii reaction, epoxide formation, nucleophilic substitution, dehydrohalogenation, etc.). The selective conversion of α-haloketones into α-haloimines and subsequent regioselective deprotonation with sterically hindered strong bases offers an attractive synthetic potential by the use of more stable 3-halo-1-azaallylic anions 5 (Scheme 1). α-Haloimines 4 are easily accessible from α-haloaldehydes and α-haloketones by reaction with primary amines in the presence of drying agents such as magnesium sulfate (convenient for most aldehydes) and titanium(IV) chloride, the latter operating as activator of the carbonyl function and chemical remover of water produced during the reaction [2] . Deprotonation of α-haloimines with strong non-nucleophilic bases like lithium diisopropylamide in tetrahydrofuran results in the formation of 3-halo-1-azaallylic anions 5, which react with electrophiles to produce substituted imines 6. If functionalized electrophiles like alkyl halides carrying heteroatoms (oxygen, nitrogen, halogen) are used, it results in the formation of highly functionalized imines 6, which are suitable building blocks for further elaboration. Alternatively, these imines 6 can be hydrolyzed to the corresponding functionalized α-haloaldehydes or α-haloketones 3. These α-haloaldehydes (3; R 2 = H), α-haloketones (3; R 2 ≠ H), or α-haloimines (6) are all suitable building blocks for the synthesis of heterocycles of various kinds. As such, the detour from α-haloaldehydes or α-haloketones (2) to the corresponding functionalized α-haloaldehydes or α-haloketones 3 (R 3 carries the heteroatom functionality) via α-haloimines offers a great potential for the synthesis of a variety of interesting compounds.
Reports so far on the use of 3-halo-1-azaallylic anions have been rather scarce. The reports include alkylations [3], reactions with aldehydes, and ketones [4] . In one case of fluorinated species, temperature-dependent regioselective alkylations to α-fluoroimines could be achieved [5] .
Because of the fact that α-haloimines are now available by a whole range of procedures, for example, the imination process of α-haloaldehydes or α-haloketones (vide supra), halogenation of imines with N-halosuccinimides [6], retro-aldol cleavage of β-iminoesters [7] , hydrodehalogenation of α-bromo-α-chloroimines [8] , the title deprotonated species (i.e., 3-halo-1-azaallylic anions) are now easily accessible. The deprotonation with lithium diisopropylamide in THF occurs completely and under mild conditions. It concerns a completely regiospecific reaction. Contrary to the generation of enolates, the formation of 3-halo-1-azaallylic anions proceeds smoothly at 0 °C. Thus, in terms of practical applications, it is important that cooling down to -78 °C is not always necessary, although some reactions with 3-halo-1-azaallylic anions require these low temperatures (vide infra). 3-Halo-1-azaallylic anions are relatively stable at 0 °C and can be kept under these conditions in THF for several hours. In general, 3-bromo-1-azaallylic anions are much less convenient to handle than the corresponding chloro analogs due to their instability. In general, it is recommended to use 3-chloro-1-azaallylic anions in the syntheses described here. These delocalized anions react with alkyl halides exclusively at the β-carbon (C-alkylation) while no N-alkylation has been observed so far. There is no proton transfer from the diisopropylamine, formed after deprotonation, to the anions generated. Finally, there is no condensation of 3-halo-1-azaallylic anions with the starting imine, with itself or with the end product. In other words, 3-halo-1-azaallylic anions are suitable reagents to be evaluated in organic synthesis.
In the present paper, three distinct topics of the reactivity of 3-halo-1-azaallylic anions will be highlighted. The first part concerns the alkylation with alkyl halides followed by treatment with base and hydrolysis as a three-step synthesis of α,β-unsaturated carbonyl compounds. This method will be applied to the synthesis of the alarm pheromone (S)-manicone (Manica sp.) and the flavor compound 2-[(methylthio)methyl]-2-butenal. The second part involves the reaction of 3-halo-1-azaallylic anions with alkyl halides that are functionalized with heteroatoms. This extra functionalization in the elec-Regiospecific deprotonation of α-chloroketimines 4c-e with LDA (Scheme 6), followed by alkylation with 2-bromoethyl trimethylsilyl ether, produced γ-trimethylsilyloxy-α-chloroketimines 23a-c, which cyclized with alcohols to afford cis-2-alkoxy-3-aminotetrahydrofurans 25a-f in a stereospecific way after treatment with base. The mechanism was explained in terms of two possible routes involving either a trans-2-amino-3-chlorotetrahydrofuran 26a-f (Scheme 7) or intermediate 2-alkoxyaziridines or azirinium ions (27a-f). Both routes lead to a bicyclic aziridinium ion, which opens up to the final tetrahydrofurans via a hydrogen bond-guided stereospecific attack of the alcohol to the transient oxonium ion [16] .
These γ-trimethylsilyloxy-α-chloroketimines 23 (Scheme 8) are building blocks for the synthesis of aziridines and pyrrolidines. Reaction of imine 23a with sodium borohydride in methanol affords a 1:1 mixture of cis-and trans-aziridine 28 by reduction of the imino bond followed by intramolecular nucleophilic substitution. Ring expansion of this aziridine was performed with triphenylphosphine and N-bromosuccinimide in THF to give a mixture of cis-and trans-3-bromopyrrolidines (54 % yield) via the intermediacy of a bicyclic aziridinium ion.
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The introduction of a β-azidoethyl substituent at the α-position of α-chloroketimines 4c,f,g, requires the addition of HMPA during the alkylation process (Scheme 9). The resulting γ-azido-α-chloroketimines 31a-c undergo conversion into pyrrolines 32a-c after reduction of the azido group by tin(II) chloride in methanol. Dehydrochlorination of the chloropyrrolines with sodium methoxide in methanol under reflux afforded pyrroles 33a-c in excellent yields. This method tolerates the presence of an extra chlorine in the starting imine so as to give rise to 3-chloro-2-arylpyrroles. The latter heterocycles have a great interest in agrochemistry as fungicides, bactericides, and acaricides [17] .
Pyridines 36c and 37a,b,d were synthesized from α-chloroketimines 4c,f,g and α-bromoketimine 34 (Scheme 10) in the similar way by the utilization of 3-azido-1-iodopropane [18] .
3,3-Dichloro-1-azaallylic anions, derived from α,α-dichloroketimines 4g,h by deprotonation with LDA, undergo an aldol reaction with aromatic aldehydes to give adducts, which, upon activation as mesylates, are conveniently converted into cis-3,3-dichloroazetidines 39a-c and 40a-c [19] by reaction with sodium borohydride or potassium cyanide (Scheme 11). The stereospecific formation of cis-azetidines 39a-c and 40a-c is explained by an Evans-type model of transition state, favoring the attack of the imino bond to occur from the site most remote from the larger substituent (Scheme 12). the desired α-iminoketones 52a,c by a Kornblum-type reaction with sodium carbonate in DMSO in the presence of potassium iodide at 80 °C.
In summary, lithio 3-halo-1-azaallylic anions 5 have been proven to be suitable building blocks for organic synthesis. The protocol of regiospecific deprotonation of α-haloketimines, subsequent reaction of 3-halo-1-azaallylic anions 5 with functionalized electrophiles, and cyclization of the resulting functionalized α-haloketimines 6 proved to be a suitable method for the construction of a whole variety of heterocyclic compounds, including aziridines, azetidines, pyrrolidines, piperidines, pyrroles, pyridines, indoles, etc.
